A re-investigation of the methanolic extract of the aerial parts of Tanacetum santolinoides has resulted in the isolation of a new sesquiterpene, tanacetonic acid (1), along with three known methoxylated flavonoids. The structure of the isolated compounds was secured based on their IR, UV, 1D and 2D ( 1 H-1 H COSY, HSQC and HMBC) NMR spectroscopic and FAB mass spectral characteristics. The new sesquiterpene showed a significant cytotoxic activity when tested using the brine shrimp bioassay, while the three flavonoids demonstrated anti-inflammatory effects in the rat paw oedema test.
Tanacetum is a genus of about 70 species of flowering plants in the family Asteraceae, native to temperate regions of the Northern Hemisphere. The whole extract of many species of the genus, as well as the isolated compounds have been evaluated for their biological activities and proved to possess a wide diversity of effects. Among these activities are anti-inflammatory [1a,1b] [2] , was previously investigated by the authors and the chloroform soluble fraction of the methanolic extract of the aerial parts afforded six sesquiterpene lactones with reasonable cytotoxic activities [3] . This prompted us to continue investigation of this plant aiming to explore its bioactive components. In the present work, a new sesquiterpene, tanacetonic acid (1), was isolated, beside three known methoxylated flavonoids, 5,7-dihydroxy-6,3´,4´-trimethoxyflavone (2), 7,4´-dihydroxy-3,5,6,3´-tetramethoxyflavone (3), and 5,4´-dihydroxy-6,7,3´-trimethoxyflavone (4). This is the first report of the isolation of these flavonoids from T. santolinoides.
Compound 1 was obtained as an amorphous white powder. The FABMS, together with 1D and 2D NMR spectroscopic data ( 13 C NMR, DEPT, 1 H-1 H COSY, HSQC and HMBC), suggested the molecular formula to be C 15 H 24 O 5 , requiring four degrees of unsaturation. The 1 H NMR spectrum (in DMSO-d 6 , Table 1 ) displayed signals for 24 protons including two methyls, three methylenes, five methines, one olefinic proton for a trisubstituted sp 2 moiety and two olefinic protons for a disubstituted sp 2 moiety, in addition to the four protons of the hydroxyl NPC Natural Product Communications (Table 1) suggested a germacrane framework. The 1 H NMR spectrum revealed a doublet at δ H 5.20, integrating for one proton, assignable to H-5, whereas the H-9 protons were detected as a broad doublet at δ H 2.41 and a multiplet at δ H 1.80. The HSQC spectrum correlated these signals to the carbons resonating at δ c 121.5 and 32.2, assignable to C-5 and C-9, respectively. Two methyl doublets were detected at δ H 1.10 and 1.60, alongside their carbon signals at δ C 12.6 and 11.9; these were assignable to H 3 -13 and H 3 -15, respectively, as established by COSY and HMBC experiments ( Figure 1) . The presence of the hydroxyl groups at C-1 and C-3 was supported by the doublet signal at δ H 3.73 (J =10.1 Hz), along with its corresponding carbon signal at δ C 74.5, and the double doublet signal at δ consistent with the β orientation of both hydroxyl groups [4] . The presence of an exomethylene group was confirmed by the two doublets detected at δ H 5.03 and 4.72, each integrating for one proton, and correlated to the carbon signal at δ C 110.1, as indicated by the HSQC spectrum. This situation was further proved by the carbon signal detected at δ C 151.1, assignable to C-10, and HMBC correlations of H 2 -14 with C-1, C-9 and C-10. The configuration of the stereogenic centres were suggested in part by the size of the coupling constants. The high value of that of H-6 (J 5,6 = J 6,7 = 10.5 Hz) indicates its trans relationship to the adjacent protons H-5 and H-7, and cis (Z) geometry at C4/C-5 [5] [6] [7] .
The stereochemistry at C-11 was established as S, based on the large coupling constant with H-7 (J 7,11 = 12.3 Hz) [8] . This suggested that both H-7 and H-11 are trans to each other [8] . Finally, full assignment of compound 1 could be achieved from concrete interpretation of 1D and different 2D NMR spectroscopic data. On reviewing the literature, compound 1 was found to be a new natural product.
The brine shrimp lethality bioassay was performed to evaluate the cytotoxic activity of compound 1. The LC 50 value was found to be 61.3 μg mL -1 , which is considered to be significant, as indicated by Meyer et al, who classified crude extracts and pure compounds into toxic (LC 50 value < 1000 μg mL -1 ) and non toxic (LC 50 value > 1000 μg mL -1 ) [9] . Extensive studies of the different spectral data, including UV, 1D and 2D NMR of compounds 2-4 led to their identification as 5,7-dihydroxy-6,3´,4´-trimethoxyflavone (2), 7,4´-dihydroxy-3,5,6,3´-tetramethoxyflavone (3), and 5,4´-dihydroxy-6,7,3´-trimethoxyflavone (4). On reviewing the literature, the three flavonoids were found to be known compounds, previously isolated [11] and Artemisia absinthium [12] , respectively. This is the first report of the isolation of the three flavonoids from T. santolinoides. The flavonoids 2-4 were tested for their anti-inflammatory effects using the induced paw oedema test. All the tested compounds exhibited potent anti-inflammatory effects; compound 4 illustrated the highest activity, which was almost similar to that of dexamethasone ( Table 2 ). These results are in accordance with previous studies that attributed the anti-inflammatory activity of flavonoids to the C-2,3 double bond [13] and the presence of a methoxyl group at C-5 and C-7, and the pyran ring [14] . 
Extraction and isolation:
The air-dried aerial parts (800 g) were extracted with methanol (2.5 L × 4) at room temperature. The combined extract was concentrated under reduced pressure to afford a dark greenish brown residue (20 g). The latter was suspended in distilled water (200 mL), then partitioned between n-hexane (500 mL × 4), chloroform (500 mL × 4) and n-butanol (500 mL × 3), successively. Each fraction was concentrated under reduced pressure to give a n-hexane fraction (4.0 g), a chloroform fraction (7.2 g), and a n-butanol (5.0 g) residue. The chloroform fraction was subjected to VLC using n-hexane-ethyl acetate gradients to give five fractions (C-1 to C-5). Fraction C-1 (0.5 g), fraction C-2 (0.75 g), fraction C-3 (0.89 g), fraction C-4 (0.93 g), and fraction C-5 (1.25 g). Fraction C-2 (0.75 g) was subjected to Sephadex LH-20 column chromatography (120 g × 50 × 3 cm) using MeOH to yield compound 2 (75 mg). Fraction C-3 (0.89 g) was subjected to silica gel column chromatography using chloroform-acetone gradients to give compounds 3 (83 mg) and 4 (69 mg). Fraction C-4 (0.93 g) was chromatographed over a Sephadex LH-20 column (150 g × 100 × 5 cm) using methanol as an eluent to obtain three main subfractions C-4-A to C-4-C. Subfraction C-4-B (0.23 g) was subjected to silica gel column chromatography using chloroform-methanol (92:8) to afford compound 1 (35 mg). 
Brine shrimp bioassay:
Artemia salina encysted eggs were incubated in 100 mL of sea water under artificial light at 28°C, pH 7-8. Nauplii were collected after incubation for 24 h then kept under the same conditions for another 24 h. Compound 1 was dissolved in DMSO (2 mg/400 μL), then diluted serially and the volume was adjusted to 5 mL with sea water. The concentrations were prepared in triplicate. Nauplii (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) were added to each set of vials containing the sample. A control with 50 μL of DMSO in sea water was included. The survivors were counted after 24 h and LC 50 value was determined [9] .
Anti-inflammatory activity:
The hind paw oedema method was used for the detection of anti-inflammatory activity of the three flavonoids. Hind paw oedema (skin oedema) was induced by 4% formalin solution injected into the subplanter region Ibrahim et al.
of the left hind paw [14] . Adult male albino rats (36) were purchased from the breeding unit of the Egyptian Organization for Biological Product and Vaccines (Cairo). The inflamed animals were divided randomly into five groups (6 for each), inflamed control group, inflamed treated with dexamethasone (at a dose of 10 mg/kg subcutaneously), and the remaining three groups of inflamed animals were treated with the tested compounds individually (at a dose of 10 mg/kg subcutaneously), in addition to a normal control group. The change in paw thickness in all tested animals was measured at 1, 2, 4 and 24 hours after formalin solution injection. The data were expressed as mean ± S.D. using the Student t test ( Table 2 ).
